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Abstract 
We investigated the transport properties of the Al0.1In0.9Sb/InAs0.1Sb0.9 quantum wells (QWs).  Intentional doping of donors to 
the QW is effective to decrease the sheet resistance and suppress its temperature dependence because the carrier density is 
maintained to be relatively high in low temperature. Additionally, although there exists a low mobility region near the hetero-
interface of the QW and a high mobility region far from the interface in this system, the doped electrons contribute to keep high 
mobility in low temperature because the increase of electrons prevents the accumulation of all electrons in the low mobility 
region.  
 
PACS: 73.61.Ey, 73.63.Hg,  
Keywords: InAsSb, quntum wells 
1. Introduction 
InSb has the smallest band gap and the highest electron mobility in all III-V binary compound semiconductors. 
InSb-based devices are indispensable to exploit highly sensitive magnetic sensors [1, 2], high-speed devices [3], 
infrared detectors [4]. They are also expected for future spintronic applications because of a large effective g-factor 
and a large Rashba effect [5]. Recently the ternary compound of InAsSb attracts attention because InAsxSb1-x (0.3 < 
x < 1) has smaller band gap than InSb. Therefore, smaller effective electron mass and higher mobility are promised 
and replacing InSb with InAsSb is expected.  
These InSb-based devices were generally grown on a GaAs substrate. However, the lattice mismatch between 
InSb and GaAs is large (~ 14 %) and this affects the transport properties such as decrease of the mobility. In order to 
decrease the lattice mismatch at the active layer and improve their transport properties, the quantum well (QW) 
structures with AlAsSb barrier layers are effective. In our previous works, we sandwiched InSb layer with 
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Al0.1In0.9Sb layers using molecular beam epitaxy (MBE), where the lattice mismatch between InSb and Al0.1In0.9Sb 
is 0.5% [1]. The electron mobility at room temperature was much improved, but there is large InSb-thickness 
dependence and the narrower QWs have lower mobility. This thickness dependence was attributed to the mobility 
change along the thickness direction, that is, there still exist a low mobility region near the hetero-interface of the 
QW and a high mobility region far from the interface. The electrons are biased toward one side of the double 
heterointerfaces because of the band bending in the QW due to an asymmetric structure of the barrier layers. Two-
dimensional gas (2DEG) is often affected by disorder in the sample. The disorder could lead to modification in the 
density of states (DOS), giving rise to a DOS tail [6]. Our undoped AlAsSb/InSb QWs show variable range hopping 
in low temperature, which indicates that there are strongly localized states at the heterointerface and electrons with 
extraordinarily low mobility accumulate there [7]. The localized states are probably due to large potential 
fluctuations by interface roughness and strain, and alloy disorder near the interface. Subsequently we succeeded to 
grow undoped Al0.1In0.9Sb/InAs0.1Sb0.9 QWs and realized almost 0% lattice mismatch [8, 9]. The decrease of 
mobility in narrow QWs was drastically suppressed at room temperature and the transport properties were in 
metallic regime even in low temperature. However, the temperature dependence of the resistivity still remains, 
which is unfavorable for applications. This is because the decrease of the carrier density and also decrease of the 
mobility. In low temperature, there are no intrinsic carriers and a few extrinsic carriers supplied by deep donors in 
the barrier layers [10] and the defects near the barrier/GaAs interface. Hence the carrier density in low temperature 
decreases from that at room temperature and the electrons are accumulated in the low mobility region near the 
interface. Intentional doping is expected to be effective not to decrease the carrier density and consequently not to 
decrease the mobility because a lot of carriers remains in the high mobility region. Therefore the large temperature 
dependence of the resistivity will be suppressed by the intentional doping. In this paper, we investigated doping-
level dependence of the transport properties in Sn-doped InAsSb QWs and discussed the origin of carriers in the 
QW.  
2. Experimental procedure 
The samples were grown using MBE and the sample structures were GaAs cap (6 nm)/ Al0.1In0.9Sb (50 nm)/ 
InAs0.1Sb0.9 (Lw)/ Al0.1In0.9Sb (700 nm) on semi-insulating GaAs(100) substrates. The well width (Lw) of the InAsSb 
active layer is 15 ~ 100 nm, and the samples with a 30 nm-thick well were doped with Sn in the QW layer uniformly. 
The doping levels were undoped, 5×10
16
, 7×10
16
 and 1×10
17 
cm
-3
. In order to eliminate the persistent 
photoconductivity on a sample, it was shielded from irradiation and kept in the dark at least overnight at 77 K after 
setting it on the sample holder because these samples are very photo-sensitive. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Cross-sectional TEM images of the Al0.1In0.9Sb/InAs0.1Sb0.9/Al0.1In0.9Sb/GaAs sub. QW. Right photograph is a 
magnification image around the QW layer. A flat and homogeneous interface is realized. 
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3. Results and discussions 
Cross-sectional transmission electron microscopy (TEM) images of the QW are shown in Fig. 1. The QW 
structure was clearly observed, though the contrast is weak because of the close atomic compositions of each layer. 
A lot of misfit dislocations run out from the AlInSb/GaAs interface, because the lattice mismatch between these 
materials is very large. These dislocations, however, hardly reach the QW layer. Detailed picture around QW shows 
that flat and homogeneous interface is realized. This gives assurance for the good 2DEG properties. 
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Fig. 2 (a) Temperature variation of the sheet resistance with different doping levels. (b) The sheet resistance is plotted 
with respect to logarithm of temperature below 20 K. 
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Fig. 3 Perpendicular magnetoresistance curves below 4.2 K; (a) undoped sample and (b) 1  10 cm-3 doped samples. 
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Figure 2(a) shows the temperature variation of the sheet resistance with different doping levels. With increasing 
doping level, the resistance decreases and the temperature dependence is drastically suppressed. Especially the 
sample with a doping level of 1  10 cm-3 show almost no temperature dependence. These results reflect the increase 
of the carrier density and the mobility in low temperature. There is a hump structure in the temperature variation of 
the doped samples. These data were measured in the heating processes from low temperature to 300 K. In the case 
of cooling processes, the discontinuous decreases of the resistance were sometimes observed. These hump structure 
and resistance jump may come from the modification of the band bending caused by the change of the surface 
charge and potential, or the recombination of unstable carriers. At 77 K, the perpendicular magnetoresistance (MR) 
curves show the parabolic behavior, while the in-plain MR curves show almost constant, which indicates the typical 
2DEG. 
At low temperatures below 20 K, the resistance linearly depends on the logarithm of temperature as shown in Fig. 
2(b), which shows that the system is in the weak localization (WL) regime and the electron-electron interaction 
(EEI) is also effective. In particular, the characteristic features of WL and EEI appear in perpendicular MR curves 
below 4.2 K. Typical MR curves for undoped and 1  10 cm-3 doped samples are shown in Fig. 3 (a) and (b). The 
profile of xx(B) can be divided into three regimes dominated by the 2DES. In low magnetic field, the negative MR 
due to WL is observed and weak anti-localization (WAL) with a sharp peak at B = 0 is also observed (insets in the 
figures). This shows that this system has the large spin-orbit interaction. In moderate field, there is the crossing of 
xx curves for different temperatures around Bc, where the EEI is dominant and the WL is fully suppressed. For the 
doped sample, negative parabolic magnetoresistance become distinct with decreasing temperature, which also 
supports the existence of the EEI. In the diffusive regime, the EEI correction of the xx is expressed by the following 
relation [11],  
 
 
 
 
where the  is electron mobility, 0 is the Drude conductivity and the  Teexx  is the temperature dependent 
conductivity correction by EEI. The MR curves for different temperatures should cross one another at fixed point BC 
= 1/. From this relationship, we estimated the mobility in low temperature from the BC. The doping level 
dependence of the mobility is shown in Fig. 4. The solid marks were estimated from the resistivity field and Hall 
coefficient near zero magnetic. The mobility estimated from  = 1/BCis also plotted by open circles, which is in 
good agreement with the solid marks of 4.2 K. The mobility at 300 K decreases with increasing doping level, which 
is due to increase of the impurity scattering. In contrast, the mobility in low temperature increases with the doping  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 The doping level dependence of the mobility at 300 K, 77 K and 4.2 K. The EEI means the value 
estimated by a cross point of the magnetic field in the MR curves. The solid lines are guide for eyes. 
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level. The mobility of undoped sample at 77 K is much higher than that at 4.2 K. This tendency is also observed in 
other undoped samples with different well width. The scattering of electron seems to be smaller than that of the 
doped samples. It could be due to reduction of the impurity scattering by donors. Note that in the sample with a 
doping level of 1  10 cm-3, the mobility in low temperature is larger than that at 300 K. These results show that the 
doped electrons can run in the high mobility region even in low temperature because of the avoidance of the carrier 
accumulation near the interface due to the increase of carriers. 
In the MR curves in higher field (Fig. 3), the SdH oscillations appears, which shows these samples has relatively 
high mobility in low temperature. The carrier density was also estimated from the SdH oscillations. The doping-
level dependence of the carrier density (n) at different temperatures is shown in Fig. 5 (a). The solid marks were 
estimated from the Hall coefficient and the open marks were estimated from the SdH oscillations. In the figure, 
“Extrinsic 1” means the doping level, that is, the doped carrier density. When the intrinsic carriers are suppressed 
and the donors are completely activated in low temperature, the carrier density should follow this line. In low 
temperature, however, the carrier density of all samples is about 5 × 10
16 
cm
-3
 larger than the doping level. These 
excess electrons (here called “Extrinsic 2”) possibly come from the barrier layer, since there are a lot of defects near 
the interface between AlInSb layer and GaAs substrate and the excess carriers can be generated by the defects. Note 
that the carrier density of the sample with a doping level of 1  1017 cm-3 in low temperature is comparable to that of 
the undoped sample at 300 K. Even in the undoped sample at 300 K, the resistance is low and the mobility is high as 
shown in Fig. 3 and 4. This means that the sample condition of the highly doped sample in low temperature is 
almost same as that of the undoped sample at 300 K. Therefore, the resistance increase of the highly doped sample 
seems to be suppressed in low temperature. Moreover, the carrier density estimated from the SdH oscillations is 
slightly smaller than that estimated by the Hall measurement. This suggests that a small part of electrons does not 
contribute the 2DES transport because there remain electrons with low mobility near the interface. 
In order to confirm the origin of the Extrinsic-2 electrons, the well width dependence of the sheet carrier density 
(ns) of undoped samples was investigated. As shown in Fig. 5 (b), the ns in low temperature is almost independent of 
the well width. This result shows that the Extrinsic-2 electrons do not come from the QW region but from the barrier 
region. On the other hand, the ns increases in proportion to the well width at 300 K. The proportional component to 
the well width is concluded that these electrons at 300K are the intrinsic electrons in the QW because it should 
depend on the well volume. From the slope of the relationship between ns and well width, the intrinsic electrons are 
estimated to be about 9  1016 cm-3, which is in good agreement with the difference between 300 K and low 
temperature in Fig. 5 (a). However, theoretical calculated value of the intrinsic electrons of InAsSb is about 3  1016 
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Fig. 5 (a) Doping-level dependence of the carrier density at different temperatures. The well width of the sample is 
fixed at 30 nm. (b) Well width dependence of the sheet carrier density of undoped samples.  
T. Manago et al. / Physics Procedia 3 (2010) 1219–1224 1223
 T. Manago et al./ Physics Procedia 00 (2009) 000–000 
cm
-3
, which is much smaller than the experimental value. Introducing of the As atoms to InSb layer may cause the 
unintended auto-doping effect. The origin of the large carrier density of the intrinsic electrons is not clear at present.  
 
4. Conclusion 
We investigated the transport properties of the Al0.1In0.9Sb/InAs0.1Sb0.9 QWs. The intentional doping of donors to 
the QW was proved very to be effective to suppress the temperature dependence of the sheet resistance because of 
keeping the large carrier density in low temperature and, as a result, keeping the high mobility. The doping level 
dependence and well width dependence of the carrier density revealed that there are three kind of origin of the 
carriers; electrons doped in QW layer (Extrinsic 1), electrons come from the defects near the interface between the 
barrier layer and the GaAs substrate (Extrinsic 2), and intrinsic electrons at high temperature. There exists a low 
mobility region near the hetero-interface of the QW and a high mobility region far from the interface in these QWs. 
The enough amounts of carriers play an important role in order not to fall and accumulate all electrons in the low 
mobility region in low temperature. Consequently a part of carriers can flow into the high-mobility region. The 
doping to the QW is an effective solution to keep the mobility in low temperature. 
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